Underlying urological disease was primary vesicoureteral reflux in 57, congenital hydronephrosis in 9, urinary tract infection in 6, ureteral anomalies in 11, and others in 13.
detrusor-sphincter incoordination in children. Thus, simple measurement of EUSD on VCUG should be recommended in children with suspected voiding dysfunction before employing rather invasive urodynamic study.
INTRODUCTION
If children having lower urinary tract symptoms with or without urinary tract infection visit urologists, and if these children do not have upper urinary tract anomalies, we need to differentiate structural and functional lower urinary tract abnormalities. Simple but careful observation of their voiding alone can be a good clue to determine voiding disorders in some cases. However, radiological and/or endoscopic assessments can be more informative, and if indicated, urodynamic study is performed. Most of all, voiding cystourethrography (VCUG), which is one of the most widely used procedures in the evaluation of lower urinary tract abnormalities, would be the best method to indirectly diagnose structural or functional abnormalities of the lower urinary tract. [1] [2] [3] However, the possibility of quantitative evaluation of VCUG for the external urethral sphincter (EUS) function has not been previously mentioned.
Functional urethral obstruction by detrusor-sphincter incoordination is a major cause of voiding disorders in children. It can occur not only in children with overt neurological deficits (eg. myelomeningocele) but also in those neurologically normal children. [4] [5] [6] [7] Electromyography of the EUS (EUS-EMG) is one of the most reliable methods for diagnosing detrusor-sphincter incoordination. EUS-EMG by introduction of a fine needle electrode to the EUS is no doubt the most accurate way to detect detrusor-sphincter incoordination. 8, 9 However, it is extremely hard for small children with normal sacral sensation to be patient throughout the EUS-EMG study. Thereby, some recommend the use of a patch electrode. Unfortunately, activity of the pelvic floor musculature evaluated by patch electrodes does not always reflect the EUS activity.
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To promote a diagnostic accuracy of VCUG for detrusor-sphincter incoordination, we carried out 2 studies. If the urethral sphincter fully relaxes during voiding, it would give an unobstructive radiological appearance of the sphincteric urethra on VCUG. Thus, the hypothesis was that normal EUS relaxation during voiding would result in a wider internal diameter of the EUS on VCUG than that of the children with sphincter incoordination. In the study of part 1, we measured the internal diameter of the EUS (EUSD) on VCUG in children without voiding dysfunction, and analyzed age-dependent distributions of EUSD.
In part 2, children with suspected voiding dysfunction underwent VCUG as well as EUS-EMG, and the findings of EUS-EMG were comparatively analyzed with EUSD.
Through these investigations, we proposed a diagnostic cut-off value of EUSD as a predictor of detrusor-sphincter incoordination in children. Endoscopic examinations and EUS-EMG were done with the patients under general anesthesia, which consisted of nitrous oxide and sevoflurane without premedication with atropine. Detailed procedures have been described in a previous report. 11 Following endoscopic evaluation of the bladder and urethra to rule out structural abnormalities, an 8 Fr.
MATERIALS AND METHODS
double lumen catheter and a needle electrode were introduced to the bladder and EUS, respectively, and intravesical pressure and EUS-EMG activity were monitored simultaneously during bladder filling and emptying, while the level of anesthesia was tapered off. These urodynamic studies with the patients under general anesthesia correlate well with awake studies. 12 Detrusor-sphincter incoordination was defined as failure of EUS activity to decrease during bladder contraction or sustained increase in intravesical pressure. 4 The findings of EUS-EMG were analyzed by the investigators who were blinded to EUSD.
Then the results of EUS-EMG were compared with EUSD.
RESULTS
(Part 1) Age-dependent increase in EUSD was seen in both boys (Fig. 2) and girls (Fig. 3) . Fig. 2 and 3 , a great majority of children had EUSD of 3 mm or more.
Incidence of EUSD less than 3 mm was only 0.8% (1/124) in boys, 9.2% (7/76) in girls, and 
DISCUSSION
We evaluated the possibility of detecting detrusor-sphincter incoordination with VCUG in children with suspected voiding dysfunction. When we simply defined EUSD less than 3mm as a cut-off value, EUSD had the satisfactory sensitivity and specificity for detecting detrusor-sphincter incoordination in children. Thus, a simple measurement of EUSD is recommended in children with suspected voiding dysfunction when VCUG is performed as a part of initial diagnostic assessments.
Differential diagnosis of structural and functional lower urinary tract abnormalities in children is not always easy only by a careful history taking and a screening ultrasound.
VCUG is routinely performed in children with urinary tract infection, particularly to diagnose vesicoureteral reflux and exclude urinary tract anomalies. VCUG is also often indicated in children with voiding problems to rule out organic urethral obstruction. Thus, VCUG has been used in routine urology practice settings to visualize the lower urinary tract for evaluating the presence or absence of urinary tract abnormalities. VCUG also has a different role in estimating bladder and urethral function during urine storage and voiding.
A recent study demonstrated the possibility of identifying bladder instability with VCUG in infants. 13 Unstable detrusor contractions could be identified in infants by evaluation of 3 radiological signs on the filling phase of VCUG, including bladder wall irregularity, elongation of bladder shape and filling of the posterior urethra. The authors propose that radiological diagnosis of detrusor instability during filling can be an indication of the need for further assessment with cystometry. However, the possibility of detecting detrusor-sphincter incoordination on VCUG has not been fully explored.
Estimation of voiding function on VCUG is made by assessing bladder shape, funneling configuration of the trigone and bladder neck, appearance of the urethra, urine stream and postvoid residual urine. The most conventional radiological signs for functional urethral obstruction have been the presence of bladder trabeculation, posterior urethral dilatation and postvoid residual urine. They might be enough to help the precise judgment. However, these assessments are usually qualitative rather than quantitative. If the urethral sphincter fully relaxes during voiding, it would give an unobstructive, non-dilated radiological appearance of the posterior urethra and adequate width of the sphincteric urethra on VCUG.
When we applied a unique parameter of EUSD to the evaluation of urethral sphincter function, the diagnostic value of VCUG obviously increased. Children with detrusor-sphincter incoordination showed narrower EUSD than those without abnormal sphincter function (2.0±0.9 vs 4.6±1.8 mm). Because 96% of children with normal voiding function had EUSD 3 mm or greater, we simply defined EUSD less than 3 mm as a cut-off value for detecting detrusor-sphincter incoordination. This cut-off value of EUSD had the satisfactory sensitivity (93%), specificity (89%), positive (82%) and negative predictive values (96%) among children with suspected voiding dysfunction. Taking into account the age-dependent increase in EUSD in children with normal voiding function, the diagnostic cut-off value should ideally be an age-dependent variable. However, a simpler cut-off value is more preferable in routine urology practice settings if only it has a reasonable diagnostic accuracy. Thereby, we propose EUSD less than 3 mm as a cut-off value for predicting detrusor-sphincter incoordination in children.
The most ideal study for children with suspected voiding dysfunction is videourodynamics that enables radiological as well as urodynamic functional evaluations of the lower urinary tract at the same time. However, videourodynamics is only performed at specialized centers and is reserved for selected or referred cases to explain the pathophysiology of voiding dysfunction. Thus, it is important to evaluate the reliability of VCUG for detecting detrusor-sphincter incoordination in children. We believe EUSD less than 3 mm should be an indication of the need for further assessment with detailed urodynamics.
It is well known that children with primary VUR often have detrusor instability. 14, 15 Even when children with severe dysfunctional voiding and urge incontinence were excluded, still about 20% of children with primary VUR were thought to have bladder/sphincter dysfunction. 16 Urodynamic investigations in infants with VUR revealed an interesting aspect of pathophysiology of VUR in this very young age group of children. [17] [18] [19] Bladder/sphincter dysfunction or immaturity as the form of detrusor instability, inadequate detrusor, detrusor-sphincter incoordination or obstructive high pressure voiding is strongly implicated as causative factors of VUR in infants. 18 Furthermore, voiding dysfunction is suggested to be an integral part of the ectopic ureterocele complex. 20 
CONCLUSIONS
We evaluated the possibility of detecting detrusor-sphincter incoordination with VCUG in children with suspected voiding dysfunction. When we simply defined EUSD less than 3mm as a cut-off value, EUSD had the satisfactory sensitivity and specificity for detecting detrusor-sphincter incoordination in children. Although a great care should be taken for the children to avoid overexposure to radiation, the informative values of VCUG can outweigh such adverse problems. We conclude that a simple measurement of EUSD is recommended in children with suspected voiding dysfunction when VCUG is performed as a part of initial diagnostic assessments. 
